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Specification 

1. Title of the Invention 

Method for Manufacturing Metal Composite Powder 

2. Claims 

A method for manufacturing a metal composite powder that uses a silver complex salt solution, the main components of 
which are the three components of silver nitrate, ammonium carbonate salt, and ethylenediamine-4-acetic acid-3-sodium 
salt, and electro!;, tically replaces a metallic copper powder surface with metallic silver. 

3. Detailed Description of the Invention 

The present invention relates to a method for manufacturing a silver coated metal composite powder excellent for use as a 
conductive filler. It is an object thereof to provide a metal composite powder capable of imparting conductivity to the same 
extent as silver particles, when disbursed in a synthetic resin binder instead of silver particles as a powdered conductive 
filler, to a coating constituted of the same. 

Conventionally, a metal powder, carbon powder, or the like powdered conductive filler is dispersed in a synthetic resin 
binder, is for example made into a conductive coating material, and after application, is known to impart conductivity to a 
coating. As a conductive filler, carbon powder has an inexpensive price and stability over time; however, the electrical 
resistance is high after formation of the coating material at 10"' Cl-cm or greater, and it may be used as a resistive element, 
but is unsuitable for an electrical conductor. The electrical resistance of silver particles is low at 1.62 * 10" 6 Q-cm for 
metallic silver and close to 10" 4 - 10" 5 Q-cm after forming a coating material, also having the advantages of oxidation 
resistance and stability over time. However, the price is high for an industrial material, and moreover there are problems in 
terms of resources thereof. From this point of view, powders where silver is deposited on the surface of powders such as 
conventional carbon, silicon oxide, nickel, copper and the like are being developed as composite powders; however, of 
these, the resistance values for ones with silver deposited on the surface of carbon powder and silicon oxide powder are 
high. The particle size is also a large, and formation of a coating material is difficult. Moreover, there are the disadvantages 
of the adherence of the base material powder and the silver coating being insufficient and stability being lacking. In 
addition, to impart excellent conductivity to powders in which silver is deposited on the surface of a nickel powder, silver 
content of 60% or greater is necessary; therefore, the effect on price reduction is small. 
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In addition, in powders where silver is deposited on the surface of a copper powder, the silver is deposited on the surface of 
the copper from a silver cyanide by displacement plating as proposed, for example, in Published Examined Patent 
Application No. S47-3019. As described in the specification thereof, silver cyanide is used as a base substance in a plating 
solution, and to make the silver cyanide present in this plating solution, an alkali metal cyanide (soda [typographical error 
in source, not translatable] cyanide) is used in a high concentration. Therefore, there are the disadvantages not only of an 
extremely high danger of toxicity in working environments, but also of poor adhesion of the deposited silver to the copper 
and the silver coating easily peeling in mechanical mixing processes when being dispersed in the synthetic resin binder, as 
well as increases in the resistance value because of oxidation of the copper bus exposed and a lack of stability over time. 
Problems that must be improved are present. 
Moreover, as is described in the specification of Published Examined Patent Application No. S47-30 19 above, the reality 
is not being able to obtain a good electrically conductive silver coating by reduction plating using negative ions other than 
cyanides. 

The present invention has been originated as a solution in light of the problems described above, and provides a method for 
manufacturing an excellent silver coated metal composite powder having superior adhesion for copper powder and a silver 
coating, having conductivity substantially the same as silver particles as a conductive filler, and being inexpensive without 
any danger of toxicity in the work environment during manufacturing. 

Next, the constitution of the present invention will be described. A silver complex salt solution of which the main 
components are the three components of silver nitrate, ammonium carbonate salt, and ethylenediamine-4-acetic acid-3- 
sodium salt (hereinafter called EDTA) is used, and the silver coated metal composite powder is obtained by electrolytic 
replacement of a metallic copper powder surface with metallic silver. Moreover, the ammonium carbonate salt of the 
present invention is ammonium carbonate and ammonium bicarbonate. Thus, the compositional ratio that may be used for 
the silver complex salt solution for forming a silver coating having excellent adherence on the surface of the copper powder 
in the present invention is in the range of 1 - 40% (by weight) silver nitrate, 10 - 80% (by weight) of the ammonium 
carbonate salt, and 20 - 80% (by weight) EDTA. 

What limited the compositional ratio of the silver complex salt solution as described above is not obtaining a silver 
coating of satisfactory thickness for the composite powder if the silver nitrate is less than 1 % (by weight) and, on the other 
hand, deposition of a uniform silver coating becoming difficult and yield being reduced if the insoluble components in the 
silver complex salt solution come to exceed 40% (by weight). If the ammonium carbonate salt is less than 10% (by weight) 
or greater than 80% (by weight), the adhesion of the silver coating tends to become worse. If the EDTA is less than 20% 
(by weight) or greater than 80% (by weight), the adhesion of the silver coating becomes poor, and at the same time, if the 
same is less than 20% (by weight), the electrical resistance of the coating tends to increase after the formation of the coating 
material using the composite powder obtained. 

From the reasons above, such as solubility in the silver complex salt solution, adhesion of the silver coating, and electrical 
resistance of the composite powder obtained, a range of 3 - 30% (by weight) silver nitrate, 1 5 - 70% (by weight) 
ammonium carbonate salt and 23 - 75% (by weight) EDTA may be used preferably, and in particular, a range of 5 - 20% 
(by weight) silver nitrate, 25 - 55% (by weight) ammonium carbonate salt, and 25 - 70% (by weight) EDTA most 
preferably. 

The concentration of the silver complex salt solution used in the present invention is not limited in particular, and a wide 
range from a low concentration to a high concentration may be used, but from the solubility of the various components of 
the silver complex salt solution, a concentration of 5 - 40% (by weight) is normally used. 

To manufacture the silver coating composite power in the present invention, the same is obtained just by mixing and 
stirring the previously described silver complex salt solution and copper powder. The reaction temperature during mixing 
may be normal temperature, or there may be heating. 20 - 60°C is preferable because the reaction rate is increased. 

The proportion of the composite powder copper and silver in the present invention is not limited in particular, but if there 
is too little silver, a silver coating with a sufficient thickness will not be obtained; therefore, for example, the copper may be 
exposed by abrasion of the silver coating in mechanical kneading during the formation of the coating material. On the other 
hand, as the silver increases, the price becomes higher, so it is not preferable. The preferable proportion when represented 
in percent by weight is 50 - 95 of copper to 5 - 50 of silver, more preferably 7-40 silver: 60 -93 copper, and most 
preferably 10 - 30 silver: 70 - 90 copper. 

Moreover, the metallic copper powder used in the present invention may be produced by any method such as replacement 
methods that make use of electrolysis and ionization tendencies, atomizing methods, mechanical pulverization, and the like. 
In addition, the shape of the copper powder may be any of spherical, flat shaped, resin shaped, and needle shaped, and the 
size is not limited in particular. 
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Next, the description will be further supplemented by giving examples of the present invention. 
Example 1 

1000 g of an approximately 5% aqueous solution of H 2 S0 4 is added to 1000 g of Cu powder (electrolytic copper powder 
from a No. 325 mesh or smaller), and acid cleaning is carried out by stirring at 20°C for 5 - 10 minutes, dissolving and 
eliminating the copper oxide surface layer. Next, warm water at 25 - 35°C is added to the Cu powder, and washing is 
repeated until the filtrate becomes neutraU This time, the number of washings was six, and 30( of washing water were used. 

Next, the wet Cu powder described above was transferred to an approximately 1 5 I polyethylene container, and a silver 
salt solution with the following composition was added. When stirring was continued for approximately 60 minutes at a 
stirring speed of approximately 200 rpm at a temperature of 20 - 25°C, a silver coated metal composite powder was 
obtained. 
AgN0 3 375 g 

H 2 0 750 cc } Solution A 

(NH 4 )C0 3 1875 g 

NDTA 1500 g 

H 2 0 8000 cc } Solution B 

(Here, solution A is gently added after solution B has dissolved and become transparent. Used after the precipitate, which 
temporarily arises because of the addition, has dissolved.) 

The metal composite powder produced is repeatedly washed until the filtrate becomes colorless at a temperature of 25 - 
35°C, and thereafter, the product is produced by drawing at 70 - 100°C o The theoretical values for replacement and the 
measured values in this case are as follows. 







Gram equivalency 


Equivalency 


Cu powder 


lOOOg 


65/2 


30.77 


AgNCh 


375g 


170 


2.21 





i he ii Ik i val k 


Measured value 


Ag content in Cu powder 


20.45% 


20.60% 


1 ! ,1 n i i ti del 1 i 


1 167 g 


1 155 g (99.0% yield) 



To test the conductivity of the metal composite powder produced as per the above, the following composition was 
kneaded for two hours in a ball mill and applied. 

Metal composite powder 90 g 

Methyl methacrylate polymer solution (30% toluene solution) 33 g 

Toluene / butyl acetate ( 1 /l ) 1 0 g 

Using the conductive coating material above, application on a phenol resin sheet was such that the dry coating thickness 
was 1 5 microns, and drying was carried out for 30 minutes at 100°C. The specific resistance of this coating was 2 x 1 0" 3 Q.- 
cm, and excellent conductivity was exhibited. 

In addition, a 1.5 mm ((p) copper wire was used to test the adherence of the silver coating to copper, and a silver coated 
copper wire was produced by acid washing and carrying out silver replacement with the same conditions as before. When 
this was repeatedly bent at a right angle with bending with a radius of 10 mm, no cracks, peeling, or other defects arose in 
the silver coating even when bent 10 times. Extremely good adhesion was exhibited. 

Moreover, to test the superiority of the adhesion of the silver coating of the present invention, a silver cyanide replacement 
plaiting solution with the following composition was used, and a silver coated copper wire was produced in the same 
manner as before. When the same bending tests were carried out, the silver coating cracked and a peeling phenomenon 
arose with being bent only three times. 
AgN0 3 170g 
NaCN 196g 
H 2 0 3294 g 

Examples 2-11 and comparative examples 1 and 2 

Silver complex salt solutions with each of the compositions in Table-1 below were created. (The results for the solubility 
thereof are given in Table-1 .) Using these silver complex salt solutions, composite powders and silver coated copper wires 
were produced by the identical method as in Example 1. The coating material was formed with composite powders obtained 
by methods identical to Example 1 , and the specific resistances of dried coatings for each are given in Table-1 . In addition, 
silver coating adherence tests the same as Example 1 were carried out for the silver coated copper wires, and the results for 
these are also given in Table-1 . 
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Table 1 
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Examples 
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EDTA (g) 
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50 


40 


40 
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230 
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(Test results) (Notes) 
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Specific resistance Q-cm 
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5x1 0" J 
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8x1 0" J 
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(Notes) Symbols for test results 
Silver complex salt solution solubility 
o: Dissolved and transparent 
A: Small amount of insoluble components present 

o: Took time to dissolve and become transparent x: Large amount of insoluble components 

Adhesion 

o: No defects arising with 10 bending tests 
A: Small amounts of cracking occurs with 5- 10 bendings 
x: Cracking occurs with one bending 
As is clear from the results in Table-1, if the composition of the silver complex salt solution is within the limited range 
described above, as is shown by Examples 2 - 1 1, a composite powder can easily be produced. The specific resistance of a 
coating of a coating material using the composite powder obtained was also a value that does not make for any practical 
impediment, and the adherence of the silver coating to copper was excellent. Conversely, the [composite powder] of 
Comparative Example 1 that had AgN0 3 in the composition of the silver complex salt solution exceeding the limited range 
had a large amount of insoluble components, and it was difficult to produce a composite powder. In addition, the one in 
Comparative Example 2 in which EDTA outside of the range below the limit amount had poor adhesion of the silver 
coating and could not stand up to use 

The metal the composite powder produced by the present invention not only has extremely superior electrical conductivity 
as a conductive filler, but also provides various effects such as the adhesiveness thereof being superior and avoiding the 
danger of toxicity in the work environment. 

Agent: Masatoshi Sato, Patent Attorney; 
Agent, Saburo Kimura, Patent Attorney 



-290- 



Page 1 of 1 



B 22 F 1/02 12 C 243 6694-39 

C 23 C 3/00 12 A 211 6554-42 . 



®¥f m SS52-48S40 

<g'&1 IS 1)852(1977) 4 JJ 28 B 



o it * a k & h 

9353—134759 
<£4 H) 



*39r»»F?BEaS»H» 7 —12- is 



1. 56 99 © « » 

2. « » & # o £ a 

5. 



■fri:*)* K^ms^st i U . i£ * « -t © & 08 k: 3 

Jb 4 * i < . JK St * 4 UlllttSLlS** afti 

ttt 1.62 x 1Q- 6 jJ~ct, ltT f - lCr 5 ,S- 

m t < , ri'-Pijie* ibS TitS 9? (ft ft 4 £5£ U-C 

»»5fc«>?ilHICJRS:f!r BS*ftte £ L- 

■c , sa be <> * $ < . &»fk#S3»-c&<s 1 * <o j; 
re #j a i#i * « < , xsn® nuts' tcm% $i ss « * 



http://www4.ipdl.inpit.go.jp/Tokujitu/tjcontentpaj .ipdi?N0000=2 1 &N0005=MpB5GMVkT. .. 1/27/20 1 2 



Page 1 of 1 



S> ft 4 «l< v S $ > * * SffC £ f t & * * " fc* 

ft & # A ft 4 L-tffiv>fcftv C«$r&g&'?KV 
7 v IKWtt #ffi« ** «^«CT f * ISiS'^rx 

* „ l. a. # tr , tt^aSK^^A^te*! 

4«9feRjL( ftlKMtt'W y f - *• K » tg •* 

[_. ft ft » * feS^tiSSa^^SU-C^fr. 

S ilX v» *> .1 9ft, v 7 * tt.® & V & «>& 1 * 

*S £ 3)1 *t feftdt^ojtStl;-!*'?*. 

C <D » «S W , j:iE©({g®Kg*Cft&»»-*-* 



x & <> t£<S7^^0'*#l*lO < $ fi I* J 9 # 

i> # < *$£S6*SI!S<£>i»Sfi£* f B;< * & fc B bjk 
20 

fe , sb ess? sfi i ~ -so t s s ; * v &®Ty*~v* 

S 1 5 ~ 70 < £ & ! *^iCS|:»I/iZ5'-?S ( 

* , m®T y « ~ •? *m 25 ~ $5 I ** ) 
* *> i V B D ? A 25 - 70 iit) * <0 *E B * 

% # * c < m » »r * -e * * . 



*SfB!JWy53— 13 4 7 5 9t« 
Si S> & * « . * « 7 < 5-4 Lt«fittlW 

mam # * * <a * = ce > 

10 ~ 80 ( S£ £ > iS^x&tEBJA 20 - 60 ( £ 

H S8 SS tt 1 ( x * ) *x**<**t«*» 

«6 m -c « /« r * & # v m&£gs»r 

S S 3S # t sa^at^r s> 

BLtt xv>„ 20 - 60 V. n m 0 H K. £5 5M K * * 
K. IK S fct * v. it , 

n; o » i L-v> ie*s(a , Jg 5 ~ 80 rc^ L-« 50 ~ 95 
i) , *»JfHKIl«7- 40 :*60-93, 



-288- 



http://ww4jpdlinpit.gojp/Tokujitu/tjcontentpaj\ipdl?N0000=21&N0005=MpB5GMVkT... 1/27/2012 



Page 1 of 1 



? t i ( , «S**> * $ 3 % 8* £ I. * v . 

ftrr*. 
(4 « i : 

i 526 / s- *■ » W T © « » e » ) 1 000$ 
KM 5 * O HaS0 4 * m tS lOOOg % 1K *. 20C/ 

s~io # u-e: ss?& ^ , *af©fsftsa 

RtnTKOu »** 25 - 56-C 
5g „ COSSO*fcS*lHiafcr6S, « (B> # 50A 

® 8* * *P *. * » «iH 20 - 25 t5 4 t^ll«2 
COr-p.a rft 60 £ {ft # £ IK T 8 & * U»J* fc 

ta, sjesa^K^dta*^ bit*. 

AgBOj 3 7 S g 

) A « 

a 2 o 7 s o oo 



4$CSllTg53-134 75S<3) 
(HB^)OOs 1 8 7 5 « , 
SDTA 1 5 0 (1 « j B it 
fl 2 0 6 0 0 0 oo J 

( a i, , s * «f« S3 ft U X ?)• e> A ft * 
® rc 8j * -t 4 „ iSJaiic^ t> ~ & 32 

&.*Ljt&«*£«fl3:25 ~ 3S 







% % a 


£ si 




ICOOg 




5D.77 




376g 


17 0 


2.21 





35 it is. 


* an * 




2H4 5* 


2a<5u* 




1t<?8 





(7) 

# J: « J 9Ktt»ja't,AA*sa*»©**ffi* 
2 SS is <5 't l-ftj 

9 0 ff 

< 5 a * f- vw^i^fflf ^ 

(.A-sv/^tsfy-f * d/1 J 1 o; 

^SKJ9*15 «^it>'iC««j:»Rft#U.iao 
C -C 50 & L* 0 t «>&$So tfcigftK 2X10" 

iicat s®u*s* ©es safe a 

a»©ia*T!(fit^fcetJ'2><: £: * SfeiE I, Jt & C S 10 

Jt . 



w 

TBII«««IIICtt»iv|«at# £ |; ftl 
AS»0, 1 7 0 g 

KaCfl 1 9 6 g 

SiO 3 2 ? 4 « 

« 2 ~ 11, s-i^itRfStZ 

t se « - 1 to«a««)ffi^fflig«*-s-«.^«,f¥KE 

# -6 ^ «; S>. # 19 k r? n t * tfc «i t £ |=j - ?j jb t 
& *t ft I, , -tii.^*i.««:i)lsaSS!«>tfc«i!t4gS- 
1 Ra* L-ft, 4 A«t «tH«|ttK9vt t v £S6M 
1 ili?*)CSi«l(«iS8*6^jSU, 
5r^*TS- 1 Km Ust, 



W —289— W 



http://www4.ipdl.inpit.go.jp/Tokujitu/tjcontentpaj ,ipdl?N0000=2 1 &N0005=MpB5GMVkT... 1/27/20 1 2 



Page 1 of 1 



as 




„ 


• 




• 


s 






1 


„ 


























s 


s 






s 








1 






S 




I 








® 




0 








( 






« 






*s 


O 






m 






5 






® 




0 


s 




• 


i 


- 




s 




0 




0 








o 










© 




0 








s 


1 








0 




@ 


»: 




• 






s 


« 




o 


rf 


o 






s 


5 


1 


s 






o 


s 


o 


















o 


'2 


o 


















0 


£ 






1 


3' 
1 


3 




3 


* 


* 

* 


« 






J? 


I 






1 




* 
a 
* 


Si 


6J 



««« 



8 A" 

fc te sj 
■s -is e 
* f « « 

ft b <» V 




aw*s*!tea2~ii t^uftj:? (c «t reassess a 
w * v< ffi -c & t> , ffln:^-?-4s3fiaH«>S«^iSt 
® f£ » # # < > W^f9OS#.JS*s«IEiC*0 t lit 



-290- 



http://ww4.ipdlinpit.gojp/Tokujitu/tjcontentpaj.ipdl?N0000=21&N0005=MpB5GMVkT... 1/27/2012 



Page 1 of 1 



mm 9znm*mn49 tr+o * mm® 



Int.CI', 



Fie 8.17 »fif/ 



Mswati© 
i. * rt- 



-¥ % IF. »<e«> 

US *l 5 6* 4 fj Ji l D 



V* 52 ^ # |v ft £ 48540 
2 . lb W €> & & 

». mj. tc 1 1 * 

* *• ft # tk ^ & « 



«tK KJff !C3> KX-3M«<ft:#) 

* Is&f * M j£ 



6. MiEOfl-ft 

r «i n <a w w 4 b* « j &m 

7. 



r S5 5* ft * /KSE+i, 

ffl> P#BB* 1ttor(NH< )COiJ tr(NBi)» 
») P#2tfO TNDTAJ * TEDTAJ 

rc m ie + a » 

«} rs # 1 1 Bejf-- 1 *■ r * © a ffi * ftJK 81 




- - ^ 

Mi 



* X S {> U * 

.filial 

& * J8 » ff -9 K- 



http://www4.ipdl.inpit.go.jp/Tokujitu/tjcontentpaj .ipdl?N0000=21&N0005=MpB5GMVkT... 1/27/2012 



